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Abstract
The function and longevity of implantable microelectrodes for chronic neural stimulation depends
heavily on the electrode materials, which need to present high charge injection capability and high
stability. While conducting polymers have been coated on neural microelectrodes and shown
promising properties for chronic stimulation, their practical applications have been limited due to
unsatisfying stability. Here, poly(3,4-Ethylenedioxythiophene) (PEDOT) doped with pure carbon
nanotubes (CNTs) was electrochemically deposited on Pt microelectrodes to evaluate its
properties for chronic stimulation. The PEDOT/CNT coated microelectrodes demonstrated much
lower impedance than the bare Pt, and the PEDOT/CNT film exhibited excellent stability. For
both acute and chronic stimulation tests, there is no significant increase in the impedance of the
PEDOT/CNT coated microelectrodes, and none of the PEDOT/CNT films show any cracks or
delamination, which have been the limitation for many conducting polymer coatings on neural
electrodes. The charge injection limit of the Pt microelectrode was significantly increased to 2.5
mC/cm2 with the PEDOT/CNT coating. Further in vitro experiments also showed that the
PEDOT/CNT coatings are non-toxic and support the growth of neurons. It is expected that this
highly stable PEDOT/CNT composite may serve as excellent new material for neural electrodes.

1. Introduction
Chronic neural stimulation is utilized in neural prostheses to modify, restore, or bypass a
damaged or diseased portion of the nervous system by sensing or delivering electrical pulses
to nearby tissue through neural electrodes. Currently, the most clinically successful
applications include deep brain stimulators [1, 2] and cochlear implants [3–5], used to
reduce symptoms of Parkinson's disease and restore auditory function, respectively. Other
medical applications of neural electrodes, such as the treatment of retinitis pigmentosa [6],
epilepsy [7], depression [8] and chronic pain [9], have also been reported. With the ever-
expanding application of neural electrodes, critical attention must be paid to the safety,
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function and longevity of these devices, which are ultimately dependent on the stability and
biocompatibility of the electrode materials.

Currently, most neural electrodes are made primarily from considerably stable metals, such
as platinum, gold, iridium, titanium and stainless steel. As these bare metallic electrodes
often suffer from poor performance in long-term stimulation and recording due to poor
contact with tissue or scar formation, researchers have developed different surface
modification strategies for improving electrode functionality. Applying a thin layer of rough
and porous coatings on the neural electrodes can easily increase the effective surface area,
improve the efficiency in charge transfer and modulate the electrode biocompatibility.
Iridium oxide (IrOx) is the most commonly used coating material for neural electrodes [10–
13], as it possesses many unique properties for neural stimulation. IrOx coated electrodes are
non-cytotoxic [11], and they have very low impedance and a high charge injection limit,
which allows high levels of charge injection without electrode dissolution or water
electrolysis [14]. However, IrOx has poor adhesion to underlying substrates, and it may
degrade under chronic aggressive stimulations due to its low structural and chemical
stability [15, 16].

Recently, conducting polymers, including polypyrrole, polythiophene, and their derivatives,
have emerged as new materials for neural interfacing [17–22]. Conducting polymers can be
electrochemically deposited on neural electrodes with easy control over their thickness, and
different bioactive molecules can be incorporated into the polymers to promote neuronal
growth and adhesion to the electrode surface [23, 24]. Poly(3,4-Ethylenedioxythiophene)
(PEDOT) has been considered as the most promising conducting polymer because its
ordered and well-defined chemical structure offers outstanding conductivity and stability
[25]. It has been reported that the electrical properties of neural electrodes can be
significantly improved by surface coating with PEDOT [26, 27]. Despite its advantages and
promising outlook, conventional PEDOT has yet to be perfected as a coating material for
neural electrodes. Our recent study [26] as well as others' [28] have revealed the
unsatisfactory long-term stability of PEDOT coatings during chronic electrical stimulation.
PEDOT coatings may form cracks or delaminate under stimulation, which may lead to
further coating detachment, thus debilitating the function of the electrode.

Here, in order to fulfill biocompatibility and stability requirements for PEDOT as a coating
material, we adopt carbon nanotubes (CNTs) as the dopant for PEDOT polymerization to
electrochemically deposit PEDOT/CNT coatings on neural electrodes. CNTs are known for
their extraordinary strength, electrical conductivity and chemical stability, and have broad
bio-related applications [29], which recently have extended into the area of neural electrodes
[30]. CNTs have been shown to be able to promote neuron differentiation [31], stimulate
neurite outgrowth [32], improve neuronal performance [33] and recording [34], boost
neuronal electrical signaling [35] and act as a substrate for neuronal growth [36, 37]. In
addition, previous reports have shown that CNTs can be incorporated into conducting
polymers, such as polypyrrole [22, 38, 39] and PEDOT [40, 41] to form composite materials
with enhanced properties, including stability. Therefore, it is expected that the CNT doped
PEDOT (PEDOT/CNT) as a coating material may preserve the biocompatibility of PEDOT
and CNTs, and exhibit enhanced long-term stability. In this work, PEDOT/CNT films were
electrochemically coated on Pt microelectrode arrays, and their morphology and
electrochemical properties were characterized. The stability of the coatings under both
strong acute stimulation and long-term chronic stimulation were investigated in detail. And
finally, the biocompatibility of the PEDOT/CNT coatings was tested.
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2. Materials and Methods
2.1. Materials

Multi-walled CNTs with the length of 10–30 μm and diameter of 20–30 nm were purchased
from Cheap Tubes Inc. (Brattleboro, USA). 3,4-Ethylenedioxythiophene, glutaraldehyde
(25% in H2O), osmium tetroxide (OsO4, 4 wt.% in H2O) and hexamethyldisilazane (HMDS)
were purchased from Sigma-Aldrich. Phosphate buffered saline (PBS, pH 7.4, 10 mM
sodium phosphate and 0.9% NaCl) was purchased from Sigma-Aldrich. All other chemicals
were of analytical grade, and Milli-Q water from a Millipore Q water purification system
was used throughout. The stimulating Pt microelectrode arrays were fabricated by Second
Sight Medical Products, Inc., Sylmar, CA. Each array contains 16 electrodes with a circular
exposed electrode surface of 200 μm in diameter.

2.2. Electrodeposition of PEDOT/CNT
The CNTs were pretreated by dispersing 200 mg CNTs in 100 mL 1:3 concentrated HNO3
and H2SO4 solution with sonication for 2 hours. The suspension was then kept at room
temperature overnight. After the acid treatment, the CNTs were washed with water and
separated using ultracentrifugation repeatedly until the pH of the washing solution was
neutral. Finally, the CNTs were collected and dried at 60 °C.

PEDOT/CNT films were electrodeposited onto the Pt microelectrodes using a Gamry
Potentiostat, FAS2/Femtostat (Gamry Instruments) with Gamry Framework software. A
conventional three-electrode system with the Pt microelectrode acting as the working
electrode, a platinum wire as the counter electrode, and a silver/silver chloride (Ag/AgCl)
reference electrode (CH Instruments) was used. The PEDOT/CNT was electropolymerized
from an aqueous solution containing 0.02 M EDOT and 2 mg/mL CNTs. Both constant
current (100 nA) and constant potential (1.0 V) were applied for the electrodeposition of
PEDOT/CNT, and the film thickness was controlled by adjusting the electrodeposition time.
For cell culture tests, plastic microscope cover slips (Fisher Scientific) sputtered with 40 nm
Au were used as electrodes, and PEDOT/CNT films were electrodeposited on those
electrodes using a constant potential.

2.3. Electrochemical characterization
The Gamry potentiostat was used for both cyclic voltammetry (CV) and electrochemical
impedance spectrum (EIS) measurements. The CV was performed by scanning potentials
between − 0.6 and 0.7 V at a scan rate of 100 mV/s in PBS. The charge storage capacity was
calculated from the time integral of the current in one cycle of the CV waveform (the
enclosed area of the CV curve, i.e. the charge passed during one CV cycle). The EIS was
measured in PBS in the frequency range from 1 Hz to 100 kHz using an alternating current
sinusoid of 5 mV in amplitude with the direct current potential set to 0 V.

2.4. Stimulation
Two types of stimulations were performed to test the stability of the PEDOT/CNT coatings.
An aggressive cyclic voltammetric stimulation was performed with the Gamry potentiostat,
using a voltage scan from − 0.9 to 0.5 V, at a scan rate of 100 mV/s for 3000 cycles (about
24 hours). The chronic stimulation was performed with a programmable multichannel
stimulator made by Multichannel Systems (STG2008), similar to our previous work [26]. A
TDS 3014B oscilloscope and the WaveStar program were used to measure and record the
voltage excursions. The PEDOT/CNT coated Pt microelectrode arrays were soaked in PBS
for about 3 months, and between week 5 and week 7 the electrodes were stimulated under a
charge-balanced, cathodic first, biphasic pulse current at 0.35 mC/cm2 at 50 Hz for two
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weeks. During the 3 month period, the impedance of the electrodes at 1000 Hz and CV was
measured periodically to monitor the impedance and electrochemical change over time.

2.5. Primary neuron cell culture
PEDOT/CNT coated cover slips were fixed to the surface of 24-well culture plates with
Kwik-Sil (World Precision Instruments, Inc) and sterilized with exposure to UV light for 15
min. Following sterilization, the polymer surfaces were washed with sterile PBS. The
surfaces were coated with poly(ethyleneimine) solution (0.05% in borate buffer) followed
by laminin (20 mg/mL) to encourage neuron attachment. E18 Sprague/Dawley cortices
(Brain Bits, IL) were gently triturated with a 1 mL pipette, removed from Hibernate
Media™ by centrifugation at 200 × g and resuspended in Neurobasal media (Invitrogen,
21103-049) supplemented with B27 (Invitrogen 17504-044) and GlutaMax (Invitrogen,
35050-061). Cells were seeded on PEDOT/CNT surfaces at a density of 60k cells per
macroelectrode and grown for 3 days.

2.6. Immunocytochemistry
Neurons growing on the PEDOT/CNT surfaces were fixed in 4% paraformaldehyde in PBS
for 15 min and washed several times with PBS. The cells were immersed in a blocking
buffer (5% goat serum/0.2% triton-X in PBS) for 20 minutes followed by incubation in
monoclonal antibody against β-III-tubulin (TuJ1, 1:1000, Sigma) for 1 h. After washing in
PBS, the cells were incubated in Alexa Fluor 488 (1:1000, Invitrogen) secondary antibody
for one hour, washed in PBS and counterstained for nuclei using Hoechst 33342
(Invitrogen). Immunoreactive cells were imaged using a fluorescence microscope (Axioskop
2 MAT, Carl Zeiss).

2.7. SEM characterization
The surface morphologies and microstructures of the coatings were examined with an XL30
scanning electron microscope (SEM, FEI Company) operated at 10 kV. Cells growing on
the coatings were analyzed with the same SEM, but with a lower operating potential of 5
kV. Samples with cells were treated with 2.5% glutaraldehyde and 1% OsO4, both for one
hour in sequence, followed by dehydration. The dehydration was performed by soaking the
samples in 30% and 50% ethanol in PBS, 70% and 90% ethanol in water, and 100% ethanol
in sequence for 15 min each. After a final step of soaking in HMDS for 15 min, the samples
with cells were then ready for SEM characterization.

3. Results
3.1. Electrodeposition of PEDOT/CNT

The acid-pretreated CNTs are negatively charged in neutral aqueous solution because they
possess many carboxyl groups. During the electropolymerization of PEDOT in aqueous
solution containing only EDOT monomer and CNTs, the negatively charged CNTs will act
as dopants to balance the positive charge in the backbone of the PEDOT, and be embedded
as part of the formed polymer. Figure 1 shows the SEM images of the PEDOT/CNT
coatings with different thickness. The CNTs were well dispersed and exhibited a network-
like structure. The coatings were generally uniform, with the surface becoming slightly
rougher and more porous as the film thickness increased.

3.2. Cyclic voltammetry
The redox characteristics of the PEDOT/CNT coated electrodes were investigated using CV,
as shown in Figure 2a. The PEDOT/CNT undergoes reversible redox reactions as indicated
by the oxidation and reduction peaks on the CV curve. The CV curves can also be used to
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evaluate the charge storage capacity, as the enclosed area of the curve is proportional to the
charge storage capacity, i.e. the amount of charge passed during one CV cycle. Clearly, the
charge storage capacity of the PEDOT/CNT coated electrode is significantly higher than that
of the bare Pt electrode. Such a high charge storage capacity of the coated electrode is
associated with the high effective surface area and excellent conductivity of the PEDOT/
CNT film. The charge storage capacity of PEDOT/CNT films is increased with the increase
in the electrodeposition charge, as shown in Figure 2b. This is in accordance with
expectation, because higher electrodeposition charge will lead to thicker and rougher
PEDOT/CNT films and presents more electroactive species. Within the tested range, the
relationship of the electrodeposition charge and the measured charge storage capacity is
clearly linear, even at a very high level of electrodeposition charge. This result is different
from previous reports about PEDOT films, where the relationship is only linear for thinner
films and the linearity falls off for thicker films due to lower doping level, more defects and
denser morphology of the thicker films [26]. For the PEDOT/CNT film, the charge capacity
can be linearly increased to more than 70 mC/cm2 by increasing the electrodeposition
charge, while the charge capacity of the PEDOT film stops increasing at 7 mC/cm2 [26].

3.3. Electrochemical impedance spectroscopy
The electrochemical properties of the PEDOT/CNT coated electrodes were further
characterized with EIS in PBS. As shown in Figure 3, the impedance modulus of the Pt
electrode in the frequency range between 1 and 100,000 Hz sharply decreased after coating
with PEDOT/CNT. In addition, the PEDOT/CNT coatings progressively decreased the
impedance of the Pt electrode with increasing coating thickness, especially at the lower
frequency region.

As discussed elsewhere [42, 43], a circuit model consisting of a solution resistance (RS) in
series with a finite-length warburgh diffusion impedance component of bulk film (ZD) and a
bulk (electronic) capacitance (Cd) can be used to analyze the measured EIS of conducting
polymer coated metal electrodes. Since all the measurements were carried out in the same
solution, RS is of a constant value. The finite-length warburgh diffusion impedance ZD is
defined as

where τD is a diffusional time constant, CD is the diffusional pseudo-capacitance, and τD/CD
can be defined as a diffusional resistance RD [44], which is dependent on the film thickness,
and increases with the increase of the film thickness. The electronic capacitance Cd is
greatly dependent on the electroactive surface area. In the higher frequency region, the
impedance due to Cd is negligible, and the impedance is only affected by ZD. As can be seen
in Figure 3, the measured impedance in this region changes negligibly with the increase in
film thickness as expected. The negligible impedance change also indicates the good
conductivity of the PEDOT/CNT films. While in the lower frequency region, Cd is the
dominant contributor for the impedance. As the electroactive surface area becomes larger
with the increase of coating thickness, the capacitance Cd becomes bigger, thus leading to an
impedance decrease as shown in Figure 3.

3.4. Stimulation
In most neural stimulation applications, a biphasic, cathodic-first current pulse is employed
to stimulate the nervous tissues [45]. To simulate the stimulation conditions for practical
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applications and test the long-term stability, the PEDOT/CNT coated electrodes were soaked
in PBS for three months, and between weeks 5 and 7 they were stimulated using a clinically
relevant neural stimulation protocol (a biphasic, charge balanced pulse current at 1 mC/cm2

at 50 Hz) for two weeks.

The voltage response (voltage excursion) of an electrode upon current stimulation is a direct
indicator of its charge injection capability. The preferred neural electrode should have a
higher charge injection capability, because for a given pulse current it generates lower
electrode voltage, which is safer for neuronal stimulation. The PEDOT/CNT coated
electrodes were examined under pulse stimulation currents to evaluate their charge injection
capacity. As shown in Figure 4, under the same stimulation conditions, the PEDOT/CNT
coated electrode exhibited a much lower voltage excursion than the bare Pt electrode. The
charge injection limit is defined as the maximum cathodic charge that resulted in cathodic or
anodic electrode voltage exceeding 0.6 V versus the Ag/AgCl reference electrode. The
average charge injection limit measured was 2.5 ± 0.1 mC/cm2 (n = 4), a value much higher
than that of Pt [46] and comparable to that of IrOx [14]. The results indicate that the
PEDOT/CNT coated electrodes can deliver higher charge densities without generating high
voltages that may harm surrounding tissues.

At the end of the three-month immersion in PBS, electrode surface morphology was
examined using optical microscopy and SEM. This long-term chronic stimulation didn't
cause any noticeable changes to the morphology of the PEDOT/CNT coatings from macro
to micro scales, and there was no cracking or delamination on any electrode. Monitoring the
electrode impedance can provide useful information about the electrode conditions, as film
cracking and delamination will normally result in impedance change. Figure 5 shows
representative plots of electrode impedance change over time during the three-month
soaking in PBS for different electrodes. Both the stimulated and un-stimulated PEDOT/CNT
coated electrodes have much lower impedance than bare Pt electrodes, and their impedance
remained unchanged over the three-month period. This result is consistent with the
morphology examination that shows that the PEDOT/CNT coatings are highly stable. For
some of the ultrathin PEDOT/CNT film coated electrodes, their impedance may increase
slightly after the electrical stimulation as shown in Figure 5. This may be ascribed to the fact
that the CNT networks that offer the polymer mechanical strength are not well formed in the
ultrathin films.

We further checked the CV of the electrodes after stimulation, and no significant changes
were observed on the CV curves, as shown in Figure 2a. The unchanged reduction and
oxidization peaks in the CV curves indicate that the PEDOT/CNT coatings completely
retained their electroactivity after the long-term soaking and stimulation.

To further challenge the stability of the PEDOT/CNT coating, the PEDOT/CNT coated
electrodes were subjected to 3000 CV scanning cycles (equal to about 24 hours) in PBS
from – 0.9 to 0.5 V, at a scan rate of 100 mV/s. During each CV scan, the polymer will
undergo oxidation and reduction accompanied by ion and water movement in and out of the
film. Such CV conditions are known to cause delamination and cracking of various
conducting polymer films [47]. After such strong stimulation, all the PEDOT/CNT coatings
were observed to remain intact on the electrode surface. The stimulated coatings were
further characterized with SEM, as shown in Figure 6. The morphology of the PEDOT/CNT
coatings exhibits no observable changes after stimulation, compared to that of the un-
stimulated ones (Figure 1). The porous network structure persisted the electrode surface, and
there is no cracking or delaminating of the film, even at the micro- or nanoscale.
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3.5. Cell culture
In addition to stability, biocompatibility is another important property that the coating
materials for neural electrodes should possess. In order to test the biocompatibility of the
PEDOT/CNT, it was electrochemically coated on gold sputtered cover slips, and the
resultant PEDOT/CNT coated cover slips were used as substrates for neuron culture. Figure
7a is the fluorescent image of neurons grown on the PEDOT/CNT surface. It is clear that the
neurons grow evenly over the whole PEDOT/CNT coating, and neuronal networks were
well established, indicating healthy neuronal growth on the PEDOT/CNT substrate.
Compared to the cultures on standard glass coverslips, no observable difference was found.
Further characterization was carried out with SEM, as shown in Figure 7b. As can be seen,
the neurons attached tightly to the PEDOT/CNT surface and exhibited long neurite
extensions. Some of the smaller processes intimately grew along or around the nanofibers on
the surface. These results suggest that PEDOT/CNT is not toxic and supports healthy cell
attachment and neurite outgrowth, implying that the PEDOT/CNT possess excellent
biocompatibility.

4. Discussion
Chronic neural stimulation via microelectrode arrays has tremendous clinical potential in
restoring lost or impaired neurological functions. As the current clinically applied electrode
materials do not meet the challenge of chronic neural stimulation, the search for alternative
materials that have higher charge injection capacity and long-term stability continues.
Previously, PEDOT/PSS coating has been demonstrated to be a promising material for
stimulation due to its low impedance, high charge injection limit and excellent
biocompatibility. However, delamination and cracking have been found under chronic
stimulation, especially with thicker films that have better electrical properties. In this work,
PEDOT/CNT has been successfully coated on the Pt microelectrode surface using
electropolymerization. Similarly to PEDOT/PSS, the resulting film has significantly reduced
the impedance of Pt microelectrode, largely due to an increased surface area of the PEDOT/
CNT film.

The charge storage capacity of PEDOT/CNT film is 1–2 orders of magnitude higher than
that of the uncoated Pt electrode. Higher charge capacity may result in higher charge
injection that is desirable for neural stimulation. In addition, the charge storage capacity of
PEDOT/CNT films can be increased linearly to more than 70 mC/cm2 as we increase the
deposition charge, which is 10 times higher than that of the PEDOT/PSS film [26]. This
advantage of the PEDOT/CNT film over PEDOT/PSS can be ascribed to the presence of
CNTs, which act as highly conductive dopants for PEDOT. As CNTs possess huge surface
area and excellent conductivity, their network-like distribution within the PEDOT film can
effectively enlarge the electrode/electrolyte interface and increase the conductivity of the
PEDOT/CNT film, thereby making the deposited polymer a very conductive substrate for
further PEDOT/CNT deposition.

Another important parameter is the stability of the films. It was found that the PEDOT/CNT
coated Pt electrodes were extremely stable during prolonged and aggressive electrical
stimulations, suggesting great clinical potential for chronic neural stimulation. Formation of
cracks and/or delamination under stimulation is a common failure phenomenon for
conventional conducting polymer coatings on neural electrodes [26, 28], while for the
proposed PEDOT/CNT film coated electrodes, the coatings remain unchanged after long-
term stimulation. The superior structural stability of the PEDOT/CNT films can be related to
the network microstructure formed in the presence of CNTs. The mechanically strong CNTs
are evenly distributed across the film and function as reinforcing elements that prevent the
film from undergoing deformation and cracking. In addition, the expansion and shrinkage of
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the conducting polymer film [48–50] accompanied with the redox reaction upon stimulation
can be greatly reduced (though not eliminated) due to the interdigitated network
microstructure, thereby keeping the intimate adhesion of the polymers to the underlying
electrode.

As many promising applications of CNTs for clinical use are being explored, specific
attention must be paid to the toxicity of CNTs. In our cell culture study we found that
neurons grew healthily on the PEDOT/CNT substrate. Most evidence of CNT toxicity was
seen in respiratory exposure or tissue accumulation in large doses [51–53]. While in our
case, since CNTs are immobilized on the microelectrodes and encapsulated by the PEDOT,
there is less possibility for them to diffuse into the surroundings or be directly exposed to the
tissue. Furthermore, we pretreated the CNTs with acid and effectively removed the metal
catalyst (proved by X-ray photoelectron spectroscopy, XPS, data not shown), which is
thought to be the main source of the CNT toxicity in many cases [54].

5. Conclusions
The present study demonstrates that PEDOT/CNT coatings can be electrochemically
deposited on the Pt electrode of microelectrode arrays. The coated electrodes exhibited
much lower impedance, higher charge storage capacity, and a high charge injection limit of
about 2.5 mC/cm2. The PEDOT/CNT coating displayed very high stability under both long-
term biphasic pulse stimulation and aggressive cyclic voltammetric stimulation. In addition,
it showed excellent in vitro biocompatibility. These excellent characteristics of PEDOT/
CNT coating warrant further testing of their chronic stimulation performance in pre-clinical
models.
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Figure 1.
SEM images of PEDOT/CNT coatings on Pt microelectrodes. The films were
electrodeposited at a constant current of 100 nA for (a) 100, (b) 200, (c) 300 and (d) 400
seconds.
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Figure 2.
(a) Cyclic voltammograms of bare Pt electrode and PEDOT/CNT coated electrodes before
and after long-term stimulation. (b) The charge capacity of coated electrodes as a function of
the PEDOT/CNT electrodeposition charge.
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Figure 3.
Electrochemical impedance spectroscopy of Pt electrodes coated with PEDOT/CNT for 50,
100, 200, 300 and 400 seconds in comparison to the bare Pt electrode.
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Figure 4.
Voltage excursions of the PEDOT/CNT coated and bare Pt electrodes under the biphasic
current stimulation. The electrodes were stimulated in PBS under a charge-balanced,
cathodic-first, biphasic pulse current at 1 mC/cm2 at 50 Hz (the top curve).
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Figure 5.
Monitored electrode impedance changes at 1K Hz over time during the three-month soaking
in PBS. Plots 1–4 in red are bare Pt electrodes; plots 5–6 in blue are ultrathin PEDOT/CNT
(deposition charge less than 5 μC) coated Pt electrodes with stimulation; plots 7–10 in black
and plots 11–14 in green are normal PEDOT/CNT (deposition charge more than 10 μC)
coated Pt electrodes with (7–10) and without (11–14) stimulation.
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Figure 6.
SEM images of PEDOT/CNT coating on Pt microelectrode after electrical stimulation with
(a) lower and (b) higher magnifications.
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Figure 7.
Fluorescent (a) and SEM (b) images of neurons cultured on PEDOT/CNT surfaces. For the
fluorescent image, the scale bar represents 100μm. The inset in (b) shows the SEM of
neurites grown on the PEDOT/CNT surface with high magnification.
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